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Abstract

In this paper, we present the design and implementation of visual query language called
VIOLA (VIsual Object-oriented query LAnguage) for object-oriented database supporting ODMG
data model. With VIOLA, the user can specify query with visual manner based on the principle
which is similar to that of popular query language such as SQL. VIOLA translates visual query
into OQL query statement in order to be executed through the OQL query processor. It also
supports visual specification method not only for components of relational query such as con-
ditional predicate, join, quantifier, aggregate, and grouping, but also for major components of
object-oriented query such as multiple collection, composite object, path expression and method.
For this, VIOLA provides a visual construct based on nested window facility, and the construct

has the semantics based on monoid comprehension.
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2.1 ODMG djelg} 2d

ODMG dl o] g} 2dll[2]o] o] 7} 7] %0] 3] = 7ld> A al(object) o] tf. A= AAAE +4 8
Q259 vehl o, A (state) S 3 9] (behavior) 2 F4Ech 2A)e] AFel= 4 2 (property) =] 3
gog Ao P9 = Aikoperation) 52 Yoz Aot

A o] FAL 24 (attribute) 7 F2H A (relationship) o2 FA Tt 242 EFY) (type) T 2
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S8 FAEAYDE] %3 832, ‘Course’ FH 2= oA QA 7ol & 2d 9 3t} ‘Enroll’
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o 3 g& A Ee] JAFES FxTh o= 3 Age] tE o] AEE FRE VM £ AsS W
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Person

String name |
String ssn | Department
Date birthday L. String name
Picture photo Lo String code
Set<Person> colleagues-|- - ; 3 String location
int age() ! Set<Professor> faculty -~ ------------ |
Univ-Person ﬂ\ 3 List<Course> establishes- -|- - - - - - - - - | 3
String univ_name | Enroll Course |
Ref<Department>dept |- -_--"______[Ref<Course> | ~~=| String code !
course - - = Sring name !
Student | Employee Reé<Sun>| ST
String student_id 3 String employee id int score L String building i
Set<Enroll> enrolls - -|- -' int service_year() A - String room !
Y S el 4+~ -|- Set<Enroll> enrolls|
Graduate Professor T
T String course_level :} Set<Course> lectures - - --- Leqend
1| Ref<Professor> ! | Set<Graduate> supervises-|-, —~ — inheritance relationship
3 SUpeviser —~ 7T 3 ---= referencerelationship
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Query Name
Head projection(s)
select projection(s)
from target class(es)
target class(es)
BOGy |- where conditional predicate(s)
conditional
predicate(s)

9 20 Az Ae) 7 Fx8 g Sk OQL +%

YA FR o7 AT BEA RS A 5% 2 X(targe class) A FE3F 2714 (conditional
predicate) BA| FLoZ Ur vt WA, ZE2AME BF = Pe] FA Fie] A7t BAIE Fal
A 3|0} 1 A Zoll thal AFEAZE AR A3 EA ol T AL FES GAISH frk o] well=
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tag output parameter
left field function name
right field llnput parameter

********************

collection box

X:Students
(age()| >25 ‘

:] collectionbox - ‘

single object box  (extended style) ~ function frame

T3 Az e YAIE T AT arE

Coset | bag ||| dis | ey |

9 4 de A Bl 7] 3

& vl 7k ebsle) B (set,bag list, 12 L array) & A Qe 2AE BYEE FEHA £
71 A1 Al e T 49k o A 9 o A B8 20 R QA 20E 9 4R
e 5

¥ (path expression)& Vreb 7] 918 442 + Aok 2042 44

5]

£2) olo] W $57t FoFe YU R WU, o= AYHe) £ AANE oA Y 2L
wEs AAETS A9 913 KAl Ak A SFe] AR Do F9E BEE Fol 9

A2 PAG E A2 RS AT 5 A AT AR, S48 5 Axte] W5t A4
A 35 o] M Azt Wele] TE REA AP 58 5 AN Uehhy) e Ags oAk B
Aol M7k AR B Sl B AP Mt APk A AL mIed F5)

4 AA (L E 7 UL ) E A YleS Utk o] #H8 Mes AR 28 A &

=38 vhehiA R

294 0 B Ao 0 AL 218 FRolA T4 28 9 (function frame) & £3) P4 =
F ol o B4 AR G5 o] F L Grol T Y sk AP AHA 2 AAE IA G 5
QS 3o Utk 4 AAE FAR WFES T4 TA Y o919 AN AN, B AA] R 54,
dAY S NG WFERA, o5 AFES T T AT 9 228 A 9ok 29 2
Az BAE A5 o B ARG & AT A dehA ek 29 W5 94 B4 ze o)
BoH A7 2zt o ol FFH AL T2 Ul A FEIA Ak FFE Aole] 2T shtel §
FEAY Bl GE G5 ZAYL AAH 0w FINAL, B, shie] G5 ZA Q) 29 W5t

£ 5 2A Q9 98 AAR FoIA ST A A Ak G T o) A BhE AN A
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(aj aadd | | 9] g> ja (0] 0OR ag)
arithmetic function relational function logical function
27 + 46 15>a aORg
?ﬁéﬁ‘ﬁé}:ﬁéuﬁritﬁﬁﬁﬁxﬁ} uuenion | Xp i Ein Xa
‘ X:Students ‘ ‘ X:Students ‘ ‘ P Profrs‘ | X @ !
'éggfég]étéfdhéfubh T wtfundion " membership function
count(Students) Students union Professors ain X
L gowp X o foral X
] X:Students } X:Students — g ! g: > sa!!

groupl ng function quantification function
group Students as x by x.age() for all Studentsasx : x.age() > 20

o Ll B Foll A AA o] 4 R AT I AFE-3] = Ab& (arithmetic) $F4=9F #A] (relational )
T e 2y 39 7 e ok o] FoFs]o] dd Stk OQLS I3t gl e 58 e
A E & Al gt 252017 A9 J3E shvke] A2 ‘partition’ & & F A ] o] & HHER
ate] ThAl Aol & AT 4 Aok Folh oy 3 A RtES A ¥sky] S, g3k T ZH Y gt
M 253t 2713 ‘partition” A o] T/ RAIS =5 Ak o] HAE F1% A = 21
A g k) fla Aol opvet HAE ARETh B, g o] ¥ N oR A4

B R ] dFo = Y AAle tide] slE AL, eERE 2ES U

B 35 ZAde BB B, A4 o8 A 40 5 9E A 4 29 63 ol
]
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VIOLA & ‘Drag & Drop’3}
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3 (traversal) Al th=o] #HAF2 deo] AA S
=

FHambiguity) & F7] MRtk §4 Ze 9 FFES FHAA A3k T o

£ ‘drag & drop

i,

A Az R AR P Ak 28, ¥4 Zd 9 YERY

rr

275 91257} vehte, o] o
of %4 xAY T aAES A AYD PYoR AlsE Ak A7t Dol

st Lok

of,

Al AA7F 28 7

Schema Window Visua Query Window

A 7) drag & drop| projection(s

— | A <quesnson mojctonty
1) drag & drop>

/ \ / A:Graduate \ target class(es)

‘ Professor ‘ ‘ Student ‘ gja(ag’g drop ~
course_level‘ ='Ph.D’

| A conditional
) o
/

predicate(s)
4) cIick&
Dialog Box 6) done

='Ph.D’

P—

5) input

28 7: VIOLA A1 ZF 299 FA W o] oA
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of o= AlZF 3 R A7 Q4 F o] &3 Al 7 Aoe] A oA E Ko7 & St



dlAl Aol 1: "HFHSL0| &8 S E S0M 'C++' T2 == SUSS Zofel.
o] Aol & flal ARgA: WA AT S AE HE FH L Fiol ‘drag & drop’ e ® FA| St 1
3, RS Al vEs w9 8% AA, AN -] BAE 8 el dAE 73
gick; 1) #S Wl Bol A ‘TS (enrolls)” #HAEE tE 29, 2) YEd ‘55 A9A(ATY B)e

F8E F oA ‘A= (course)’ FHEE T E F9, 3) vepd HE AA (AT ‘es’) E G} ‘o]

B SAGE CHR gaTth BeoR, Fud 21049 JAE 98 thel 3AE ST 1)
Sy A e e ol A SH(dept) BRI BB 29, 2) ek ‘Skai(Department)’ 7]
AR5 dp)el ol B SH S BRHTHOR A AT o)A, ‘HUS AAA(AFY A =

2AH REOR ‘drag & drop’o 2 FA BT o] Aol & el A7 2 19 8% 2,

example_queryl

projection(s)

‘A:Students‘ ‘ B ‘ target class(es)
A B |[ o |
enrolls| B course‘ cs ‘ name‘ = conditional
dept | dp [ dp J predicate(s)

‘ name‘=

9 8 oAl "e] 19 Az YA

5, 29 89 Al AR RFE B8R = OQL Fe] £ i3t 2

select a
from Students as a, a.enrolls as b
where b.name = ‘C++’ and a.dept.name = ‘Comp. Eng.’

A 22 2 : "HFESSIUAM JHHE HO[EHH 0L RS E= HYUES SotEE 2/
85 0| 80F o2 SE L 4 =g 2oiet.

o] A& FAsY] A= AA 1) HFE el A S dlojepi o] & 5ol th S+ W&
23, 21 0 2) DY dele] 2 F3 Wgol dal s 7 W 5o Fhol ofabd

EIFS U F, 2FEE 4H Fars el Faro] 80 o] 4 5o st Ee] £ g3yt 4

A PFe 2YO AW BAA o] AAE T TAAA A B (6] FI] npsieh o] A%
A gAE YeE A 959s a9 99 2,

T, Y 99 A4 YA R 5E A8 A = OQL o] £82 vt 2



example_query2 enrolled_to DB

dept_name dn

avg_score as

‘A:Departments‘ { B ‘*
D:enrolled to DB ‘ ‘E:Students ‘ 77777777777777777777777777

[ T A
E [ do Jiiin R fegapisn] B
enrolls | F ‘ name ‘ dn ‘1 | name |='Comp. Eng.’
dept dp | F@ ! 5
o . gow . E | name | = Database
enrolled_by C
|  dnPrpartition |
sl asag | p ||| >las |

777777777777777777777777777777777777

P:partition G @
lenrolld G| scorees| ! :

I 9: oAl "e] 29] Az YA

select dept_name: e.dept.name,
avg_score: avg(select g.score from partition as p, p.enrolls as g),

from (select b.enrolls from Departments as a, a.establishes as b
where a.name = ‘Comp. Eng.’ and b.name= ‘Database’) as d,
Graduates as e

where d in e.enrolls

group e by e.dept.name

having avg(select g.score from partition as p, p.enrolls as g) > 80

3.5 VIOLA¢$¢} OQL#2] A

VIOLAo| ojsf) 2394 4= A= A1z Aol OQL=E 2389 4= ) skA] 7 VIOLA7E 25 OQL 3 9]

m

5 28Y 7 e A ok o= b AP 2 VIOLAY} 71 -8 dejojebe] 334 9l o3
o] AeldE& f18l ‘selection & projection’ ¥ H ol 7| REZE AJ2F 25 7] 22 A 7] wlEolth
kA, 25 VIOLA 9= 0QLS ‘select from where’” &80 2 ul# o] XA Ft}. 3}A 9, OQLL
ZRaY oo v =% Fee] Aojm NPT oA & 59, ‘142’ OQL Aol N Fasdh "e)(4
I=A Z gHd 35 2lddats) 7 fvk VIOLAGIA = o] £48 2 d5o s gd8kA = X3t 8t
A5k, o] = VIOLAS] 38 0] OQLe vlal| §A43] oS ofm|ah= 22 o). Feo)o] 3 +2
ol A 71 Ag9le] A0 select w22 A FHE WolA|, e RAEC] ZUA R AAE uf, oA <]

AZE QAL Sa) 538 5 U7 Hh o 2 Sof, th29 OQL @9 ‘count(Students)>10"= 2 3

10



RHE £ go), e 2o 2AAZ PAH ‘select from where’ %, 2, ‘select x from Students

x where count(x.friends)>10"2 VIOLA®| ¢l&] 39 4 9t}

4 B33 44

4.1 N7 Aol A

o] Foll A= kel A A VIOLAS] Al zf 27k 7BA = Al THElell tiafj A Ay 872 Shoh A A
HEHE A A& A ke 2 A4S A v 22 AVHA, F, 1) 53 22 gA A4,
2) 274 BA QA 2 3) Z2AM PA] dare g FERET o)A o] M 7Exe] AAte] 71X E Al e
3 (monoid comprehension) & o] 8-3lo] 7]<&3l7] 2 Sho)

F= S0l et o] o] el Bl S A B el of sk Ao S w¥sk] ST d
AAQ B & A Fate], e 28 TS AA £ 5 A= FHS AFIHY] Brol= yxE9
T (syntax) & M{elci, ca, .oy cn}OlTh 01 ‘e1 3 cp .8} ¢ & W= BE ef] I TS Fold
T, o] A& Exol= Mo] A8 s= Bl o r WEstet = o w7t "k B0 =(monoid)+= d o] € B}
AE T WA | E3lolvh4]. o) 2> AAF ol o] epul] o] & #iF opu] 2} A A 2] FF o] o] B o] 20
A AR I Qe R dede 29T = ik Y E(comprehension)® = AE M & A F e ®
Ho|th5]. K5 A 3 o o] Epul] o] A= set, bag, list, array 52 B2 A A g2 A Y3} o
g3 A B s> WEE Tl LE3A 2H3) S Ao d 5 A "ok P, £ e WHE
o] w2 (head)etar Btk o] A2 el £33 = 2 4ES el = 28] Atk B, o= Y
T 7 FEE 7HRY

e e u: o7 YA (generator) 2t E2] -], A woll £ B GAE JYOoR 5=

es AZ sz Aol

e pred : ©]| 7S 7S A A8k A(predicate) S YERATH 7= vins, v=10,v <05
22 s =AW ol gl =g F(conjunction) C and €, =2 ¥ (disjunction) C or C’,

-7 (negation) not C, 3% A (quantifier) 5o] & 4 Stk
oA, ol & B9, th29] Biol= W2 E Ay ¥A}:

set{ele + Graduate, e.course_level = ‘Ph.D'} — (1)

TAGEAN QS BRE PR osE Yo V2T AYo] dshs o =AY A Y] AaEo] FEACZ A
4 e % X gl

Ax 54

lo
N
i
o
rir
=
b
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0|1 v 3914} (Graduate) A Mol %% LE AnEo] el Al o An7} AR S99 544k
o ‘wbAbsg(PhD)9l WE A4 YL ok ol F AM Bico| = ‘ser’o] vpeh)E gy oz W
ek ol v 7} ek
oA olel ¥ FFHN YA A7 pRste] A e Ak 1) Z2AN WAl AN Biol
Sz FE FolA B = W X e e P, 2) HE Fe2 P4 QA U E9
FE FOIA AR A, 3) 2108 BA A4S 919 Y xe) TE Fel A 20 ARl A
o kel (1)9] Bl = xS JEh)E A2t 729 OQL Ao £4& thgel 29 105 2tk o]

projection(s) select a
| AGradute]

target clasy(es) from Graduates as a

conditional A where a.course_level = ‘Ph.D’
predicate(s) course_level‘ =Ph.D’

3, W5 e o] Feh2o) AMEL BN T Gehdch, 21 A PR 519) Fgo) w7y
QL UenE 24 Mo EANAT TelT, TRAA PR AU Fe) 2o AANEL BA e,
2A3& AHtE AAEe] AH2A JRPL Jerhelvh £, 2480 e §5 Za gL 3

79 F5ol Hel FEW GE HioE X £RoR MHH OQL 49 o)k ) x Apo]o

A= [ & ek A

4.2 =39

VIOLA®] F-#3 o= AAE o 5 (relational algebra)[7] 4 9|

e
ofje
Mo
ol
H
o
1ok
£ 4
pacs
v}
i
N
oft
=

9] FQ AALOZ &= selection, projection, join, union, difference S©] Tk 4
AAle] &l FEAT. T2 Ak Z2AM B o3 A3 GAEAM FEE 290 A
AR HR ZE 2o i BAIEA FRAT Y A ARG A g 2 d e F

o} oA o)) A7 @ ax% 8H A7t A& Rlelational)-VIOLA gL sk#F. 189, R-VIOLA=
FAG 7 AL B AR dAR teek FEekaL, weks, dA e ¢ (relationally

complete) 3t} T, AA & ) 4= BA G 3 & 4] (relational calculus) 2} 553F32[8], BA & &) 42 &
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e T3as B4R 1447 S5522[0] R-VIOLA: 949 o+, 349 8144, 952 =

gals AA W A 5517 Hh. o] 7]4, R-VIOLA= VIOLA®] 35 % &o| 3, SQLo] 7
G i AX ol gle] EgsHE ANE(TAA, WHsh ¥ 2FH A VIOLAE 94 AAstuz,

VIOLAS] 55 A7t Q20 o3 2892 A

ni

Aol #8e Aol SQL[10]0] 7FA = w3 Y} 2+

A ZA k. VIOLA< SQL ¥ OQL}e] vz vh29] 3% 13} ot

bl

‘ ‘ SQL ‘ VIOLA ‘ 0QL ‘

Relational algebra operations O O O
(selection,projection,join,union,difference)

Quantifications(universal,existential) (€] O O
Aggregate functions(sum,avg,count,min,max) O O O
Grouping & Ordering O O O
Collection support X O O
Path expression X O O
Method support X O O
Composition of every function X A O

O: 7Y, X : A9 &3, A FEHo= A

¥ 1: VIOLA9} SQL ¥ OQL¥}¢] w3k

5 ZREE] x2" . SOPView

& ol A= VIOLA A 7+ A o] 910] 9] 7] Foll A & F-E& 78T 22 EES] Al 25 Q) SOPViewd]

thsto] Ag el SOPView A| 2512 A2 A & v o] ghu o] 2~ 2] Al 261 Q1 SOP ol A o] A] 2} 9

2 AR AN AP F QYR 2o} F= T g AR ¢l F o] A Z 2T o]tH19]. SOPViewo
= VIOLAS] 54 F 718 A1 zp 72, 712 A2 a4 9 &5 Zalge] & 214 v 5ol

=

i

F

S0} gtk HA ALY ARG T2 W BT ZE o) hAA U T F, hgow, A7 Qo
L

re
2
fu
e
o
p‘L
rr
o
it

o] AL ST W F Am 3ol disf AA ST Z1 &, o] U F 25 0Q

of thaj A xol7] = ek AJzh doje] YAl By # o & A3 9] of = [19]e] & v} ot

5.1 Alz=w 74

SOPView Al 5] stwd o] 248 & th5o] 19 1134 At} o] 712 29 Toll et Az Ao & Hol il
3 th. SOPView Al 28l 27]u} 9159 (schema window), 2] AA] 1 E9-(query object window),
Ze] AL, Ao Y 59 (query window) 2 8 3] o] Utk AMEAE WA 27)v IR E Bl A7) vp
ZE AV EA 3=, 27 958 Fol= 27k 27 DAG(Directed Acyclic Graph)2] 3 )

299 131 b, ARSART Ao Aol AlZE Aol E dAEH dnh Ao s a4 5

13



VOO Sthema

Obiect Windaw

19 11: SOPView<] 3} o] 78

¥ Z# & A(target class pane), 271 Z(condition pane), 222 Z(projection pane), ¥ €}

Z(output type pane) 502 LA HTE o] Ao AE o] o) 3 FA| W okA] Ab £ upe} ). sh
3

te] do) e Qo] AA =S gl shute] o] AAE A3 A D52 THH F A
o, ole de] AxEe] FH F2E Ao AA A5¢E T8 2T Qoo YA E vk § 2
& FYsHd, o] W) PAE= OQL o] EFoz Weslo] SOP] Ao Az 7)o <js) Ag 3 o)A
A "o

2 A zglg FAEY] s 7% P ogE Unix & X A5 A2E, 289 dojzs

GNU C++[11]8, 29 AHe=} QB so] 2 glo e e] 2 Motif[12] 8 AHg-shath A28 & HA)

°F 22,000 g9l F =9 C++ =R 7439 Ut

o] Aol A= o AolA 4B A7k Qo) PAl = 7ol A A7 Aol g iAo wdal] S8 el

U A AZ P2 QAL ad A PR A A Boh H9A Az Qo] 7Y K5

N

AAAFHor RdYs| ). o5& RHYT SWHL 22 o] 29 129 2k o] BEY X



CQueryElement CClassElement

eIement of < > N S = dementof<>to -
e
|

CPrOJectlon / / Target \ CCondition 3

| I
| l
I I
|
| CProperty COperation !
I
) element < >‘ | variable 7 left_operand < >-|- | name return_type }
! ! \ | operator | name :
e S v ! | right_operand < >-|- } inputs |
1 U A | :
i
| . .
o CClass | CComposteCond‘ CAttribute CRel aIIOI’lShIpi
I
projections List<-- ! :T contains List< I'| function : from <>-}-- |
targets  List<>{- | ' | name | !'| conditionsLisi< > | o <> |
conditions List<->- f‘: /:\ ? Vo ! cardinality P
| [ |
|

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Legend
———= inheritance relationship
77777 = referencerelationship

a9 12 A7 e+ anEe) BUY 12

= 3A F Y SR ASF FEE A8 E st A Ao E 8% aaEe BY

ol

skaL 9l

el

d], CQueryElement 2 22 FE 28 3y, T2A A0 A F A Q425 Vel = CProjection

s, 5 FHEE AZH 825 Je = CTarget S &, 242 A8 8425 e =

CCondition Y 25 NE = 2 zt=th &) CTarget 3 25 CClass 23 29 CQuery 3 2
EANME ZFYPLEE ZEY), ol X FYEEAN AT vk £33 S A B ol v FoEx AR

g = 3¢S el o714, 283 e CQuery 23 27} CProjection, CTarget 2 CCondition
FH2E Y2E F2E T FERSI AokE Zelth o= suhe] Aoyt LRAAE, Hx FWHLE
o) Z2ER FAE S et o8 shue] AF 72 ODMG ol e e A % )3}

I AT FHE AR(EHE, #E8 R AN E HEEE S AES EYYEta
sl AlZE o= g 120 el FH A5 AAMER A oA AT oA 19 A7t
Aol g FgskE Azt ax AAES W R 32 +2E v 29 133 2ok o474, A E Alo] ¢
¥z Fxe) 7MF el = shke] Ao AR 7E SRS A skl Al Ao & e ok o] Mo

AA = 742 2244 AA g, 58 SR L AAE $ 202 AAE 59 2] 8459 H2EE /A

o
vy
<
il
it}
1o
o
[
&
i_v"
it
o
oft
fo
b
=2
N
oX,
it
it}
2
il
&
[>
=)

HE, 5, FUse £4, 9A4 5
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[projl  dlass deml - j

‘ : ;oattr2 |
= [oomem<> oo { ammemore}s o<l
P | |- | type String | |
P ST T T T T ! .| name 'name’ ! |
ueryl | gressseamesesei Pl P e
query | target classl *  target clas? !
projectionsList< >~ (yarigple X’ variable Y’ | classl !
targets  List<3 = | name 'Student name 'Course’ | : |
conditions List<$- | (ContainsList<>j- containsList<>3 < -1 ~-=| name ’ Department !
VA ! A ‘ | containsList<>- -, !
T e J
R eERt o T o
C ) IIIIIIIIIIINIIIIIITIIIIIIIC Y TTITTTIIIIIo o
| | Iy T !
Co el noorel2 oo attrl T
I i I
ro Pame enrolls |} Pame ’ dept’ I [edement of <>F—! i
| foms> ool om s> g | < |
I cardinality 'M’ cardinality '1’ | name ‘name : |
! K I
: VVVVVVVVVVVVVVVVVVVVVV //4 o o I
e 0 |
i . 1 . A |
.+ composite_condl . _condl . cond2 !
| function 'AND’ | : © | left_operand < >-* left_operand < >~ |- -~
| conditions List< > . _ _~ | Operator '=' operator =’ j
1 © | right_operand 'Comp. Eng.” | right_operand ’C++

T 13: oA 19) A7k Qo) & THE A2 8B AF T2
6 AP I+

A chFS AlzE Ao lojge] Yok 3=, o5 B AE Z APl w2 A9 o= C. Batini et

=)
=
&
&
@
©)
g

S

<

S

e
5

8
g
=
B
tlo
iy
N
32
£

. Batini et al.& A1z} o) 78 A4 @4 9 A

C
2 9ele) By L A QST g Y2 BUEN A A 493k Aok G. Ozsoyoglu et al-& ol A1)

N

P

1

>

2 Qo) A4 /)5E AYste] F OB AL Aol AolEel BT FPY ¥F % /2

~

Foll thsto] AlAISEAL ek & Aol 2 FFE = A4 A9 dol= VQL[15]elth. o] deoj= A=

k:I‘
12

]

318 A} (restricted universal quantifier) S A}&-3le] #A R md @ FH wd T, A A F

Bdel tef M= dASA Al do)E T F AeS BolL A VQLE

3 =5

=

= 7] Bkt
A Zy FZE b3 e, o] AlZh el ti sk o] B Ao B =S Foh AT VQLY

A2z} +%7F Datalogell 7] ¥keh Al W & 714 =d] Hl&l, VIOLAS] AJzp 325 B0l = W 2o 7]t
3

o
=
rEl
i)
o
N

143 7o) 7k 9tk GRAQULA[16]= ER m¢l 59 348 mdl Aol 49 A28 9
£ Qs A7 Qe Aojoltt F3), of Aol ol ANF o T AL AWt AU WS
o) % gla) trret Feje) a9l g A FHL A, olol thE Lol E B oo

312 2, GRAQULAS Z# Qo] =2 Aiue #33t= vhd, VIOLAS) 35 = ¢

S AY AN % US Q4% gD E VIOLAS ¥4 Zel 9 ¥4 2ol 71weka Aok 2
A%

A-roke] 2ol M2 GRAQULAL: ER 29 9 448 md & A st vt

rg

IOLAE= A A=) & 4
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& AQBGE ol ol el = o8 A2 Qo) Aol o] Qv QBD¥[17)= ER 29 Aol A tho)
o zzghel A ukstel A7t Aol E AH Y £ AES Bk PR A Aol WA T Aol ull

o] & thA] 53 DBMSe]| b= dojol 2 npr s 4 3]o 3tk QBD*= ER &7)vt Aol A o] &4

%E

QA2H 3 1612 2 aklch. GraphLogllS]: e) & 7] vto 2 & djojet mul Aol A A2 2)
o) 9 Asje] A 25HE X 43}, GraphLogs 221 8 5 & o] &5} A7) A (recursive) 4 o] &

YA AT 7 Q=S w9h F= FES ATV

~J

AE

B Aol N ARA G oo il o] 2 ol 4 A A 02 W E YA T 5 YRS B} T, A4 A

O

2t 09 & 0QL 29 EFOE MAste] = Az 22 Q1o)9l VIOLAC) thte] 4413kl VIOLA
Azk el Aol iz B 55 AT

2. WA B /X ) (S Al QAT AL A A WS AT - Qow, HAR A

$AE Aol 3 7152 B B4 A2 YAT 5 Aok
3. 27 @ol AHg3 3 9= 49 dolel OQLE W#3 o) OQL Aol #go] A=A

4. Bxol= U xof 7%k 4

e

A e Tha

FFo AEMT 94 2= SOPView Al 26S AEYL 7oA 2] Az} doje] FA| 3 74|

A8 29 o SRS AYL 74T AL 2 vk
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